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KINl3IC STUDY OF FLUORINATION OF SILVER 


by Patr ic ia M. 0' Donne1I 


Lewis Research Center  


SUMMARY 

The effect of the variables temperature  and p r e s s u r e  on the kinetics of the reaction 
of fluorine gas with s i lver  was  studied. The temperature  range studied w a s  25' to 
300' C (298 to 573 K )  at total fluorine p r e s s u r e s  of 50 to 600 t o r r  (6666 to 79 993 N/cm 2). 
The reaction was followed by the pressure-drop method and was found to b e  p r e s s u r e  de­
pendent. The applicable rate law was yn = krt  + c ,  where  y is the amount of fluorine 
consumed per  unit area of s i lver  surface,  k r  is the reaction-rate constant, t is the t ime 
in minutes, and c is a constant. The value of n was  1 during the initial course of the 
reaction, indicating a boundary controlled process .  At a la te r  t ime, the process  be­
came diffusion controlled, where  the value of n was  2. The reaction is complex due to 
the formation of three products: s i lver  subfluoride, s i lver  monofluoride, and s i lver  di­
fluoride. Rate constants are calculated, and activation energies are given. The reac­
tion appears to be cation diffusion controlled, and the diffusion through the barrier layer  
is by a vacancy mechanism. The calculated value of the diffusion constant is 0.10 centi­
me te r  squared pe r  second, and the activation energy for  the diffusion is 10 kilocalories 
pe r  mole (41.8 kJ/mole). 

INTRODUCTION 

The reactivity of metals in a gaseous environment is a subject of interest  to many 
people; f o r  instance, the corrosion engineer, who is interested in the strength and dura­
bility of metals exposed to the atmosphere,  the chemist, whose main interest  is the chem­
ical reactions that can occur between different metals and gases ,  and still others who 
are interested in the solid s ta te  properties of the system and the kinetics and mechanisms 
of the gas-solid reactions. Although the majority of studies that have appeared in the lit­
e r a t u r e  discuss  the reactivity of metals in an oxygen environment, t he re  have been s o m e  
detailed studies on the reactivity of metals in a fluorine environment (refs. 1 to 15). The 
present investigation of the kinetics of the fluorination of s i lver  was undertaken because 
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the  only data  available in the l i t e ra ture  merely descr ibes  this sys tem in t e r m s  of the pos­
sible products of the chemical reactions with no data  on the kinetics o r  mechanisms of the 
reaction. It is known f rom this previous work that th ree  chemical reaction products are 
possible when s i lver  combines with fluorine but it was not known what effect the kinetic 
variables of t ime temperature  and p r e s s u r e  would have on the three  s i lver  fluorides. 
This report  presents  the resul ts  of a kinetic study of the fluorination of s i lver  over  the 
temperature  range of 25' to 300' C (298 to 573 IC) and fluorine pressures  of 50 to 600 t o r r  
(6666 to 79 993 N/m 2) and considers a mechanistic model for  the reaction. 

EXPERIMENT 

The sys tem used to study the fluorination of s i l ve r  is shown in figure 1. Fluorine is 

Thermocouple 

-

Argon 

Vacuum 

Temperature 
cont ro l le r  

t ransducer  

Recording system -)I 

Hg manometer 

F igure  1. - F luor ina t ion  apparatus. 

brought f rom the tank through copper tubing into the sys tem,  which is Pyrex throughout 
except for  the reaction furnace which is made of quartz.  A cold (-116' C ,  157 K)  t r ap  
using a methyl cyclohexane s lush bath is used to remove hydrogen fluoride impurity f rom 
the fluorine. The fluorine is analyzed by reaction with mercury in the still (ref. 1). 
Analysis of the fluorine indicated 99.83-percent fluorine plus 0.17-percent HF before 
purification and 100-percent fluorine after purification. Enough purified fluorine for  one 
run is s tored in the s torage  bulb. The mercury manometers in the system indicate the 
p re s su res  in the s torage  and reaction sections of the apparatus.  A layer  of fluorocarbon 
oil is floated on top of the mercury to prevent it f rom reacting with the fluorine. All 
readings are corrected for  density differences between the oil and the mercury.  The 
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metal samples  are s i lver  plates 1. 27 by 15.24 by 0.012 centimeter. Spectrographic 
analysis gave a purity of 99.999 percent. 

A plate is inserted into the cold reaction furnace under flowing argon and is posi­
tioned upright in the center  of the furnace. The  end plug is put in place and the argon 
pumped out. The furnace is turned on and the reaction section brought up to the appro­
p r i a t e  temperature.  Temperature  profiles have been run with an instrumented metal 
sample,  and the resul ts  show that the temperature  variation a c r o s s  the sample is not 
m o r e  than 1' C. Meanwhile the s torage section is filled with fluorine. The general  ex­
perimental method used to determine the rate of fluorine consumption by s i lver  is to 
measu re  the p r e s s u r e  dec rease  in a vessel  of known volume containing the s i l ve r  sample.  
In o rde r  to maintain approximately constant fluorine p r e s s u r e ,  the p r e s s u r e  is allowed 
to drop only about 2 t o r r ,  and then more  fluorine is introduced to re turn the p r e s s u r e  to 
its initial value. P r e s s u r e s  are recorded automatically by the p r e s s u r e  transducer and 
recording system. The perfect-gas law is used to calculate the amount of fluorine con­
sumed from the incremental p r e s s u r e  drop, the vessel  volume, and the temperature.  
F r o m  the calibrated volume '(6662 system, p r e s s u r e  changes on the t ime t r a c e  can b e  
converted to mill i l i ters of fluorine consumed a t  standard temperature  and p r e s s u r e  
(STP). After approximately a 4-hour exposure t ime,  the heaters  are turned off, the sys­
tem is allowed to cool to 25' C (298 K) ,  and then the fluorine is pumped out of the sys ­
tem through the two soda l i m e  sc rubbe r s .  The system is then brought up to atmospheric 
p r e s s u r e  with argon. A dry box is connected to the end of the furnace,  and the sample is 
pulled into i t  under flowing argon to p repa re  it for  chemical and instrumental analysis. 

RESULTS AND DISCUSSION 

Kinet ics  of React i o n  

The kinetics of the fluorination of s i lver  w e r e  determined at several  temperatures  
and p res su res .  The fluorine reaction was  followed as a function of t ime  and is reported 
as mill i l i ters of fluorine consumed at STP p e r  squa re  centimeter of s i lver  su r face  based 
upon the geometrical area of the s i lver  surface.  

The effect of temperature  on the reaction at constant fluorine p r e s s u r e s  of 50 and 
200 t o r r  (6666 and 26 664 N/m 2) is shown in figures 2(a) and (b), respectively. Analysis 
of these curves indicates that no s imple rate law will descr ibe the si lver-fluorine sys­
tem. The data can best be described by an exponential rate law, yn = kr t  + e ,  where  y 
is the amount of fluorine consumed pe r  s q u a r e  centimeter of s i lver  surface,  t is the 
t ime  in minutes, k r  is the reaction-rate constant in (milliliters)" (centimeters)-2n 
(minutes)-', and c is a constant in (milliliters)" (centimeters)-*". The reaction was 
run at 300' C (573 K ) ,  but the data w e r e  very e r ra t ic  due to burning and melting of the 
sample  and they are not plotted. The effect of p r e s s u r e  on the reaction at constant tem­
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Figure 2. - Temperature effect at 50- and 200-torr fluorine pressure 

peratures  of 100' and 200' C (373 and 473 K )  i s  shown in figures 3(a) and (b), respec­
tively. Note that at both temperatures the re  is a p r e s s u r e  reversal .  The change in the 
effect  of p r e s s u r e  on the reaction is attributed to a change in product formation. This 
observed r eve r sa l  in p r e s s u r e  dependency is not unique to this system but has  been ob­
served in other fluorination studies where multiple products are formed. 

The data w e r e  analyzed by computer, applying the method of Hudson (ref. 15). A 
program w a s  written f o r  a linear-quadratic fit. Reaction- rate constants were calculated 
f rom the slopes of the l ines and are listed in table I f o r  the various temperature and 
p r e s s u r e  ranges studied. Data w e r e  not obtained at t = 0, the initial contact t ime  of 
fluorine with the s i lver ,  because i t  takes a finite period of t ime to p re s su r i ze  the appa­
ratus with fluorine. 

The value of n indicates the process o r  processes  which are  controlling the reac­
tion (refs. 16 and 17). If n = 1, the ra te  controlling process would be a boundary-layer 
process  to be discussed la ter .  If n = 2, the reaction would b e  controlled by a diffusion 
process .  F o r  the si lver-fluorine reaction, the value of n is not constant over the entire 
t ime interval but goes f r o m  1 to 2 as t ime increases ,  indicating that the reaction is ini­
tially a boundary controlled process  which at a la ter  t ime becomes diffusion controlled. 
An example of the l inear  portion is shown on an expanded sca l e  in figure 4(a) and that of 
the parabolic region in figure 4(b). 
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Figure 3.  - Pressure effect at 100' and BO"C. 


TABLE I. - CALCULATED L W E A R ~AND PARABOLIC^ RATE CONSTANTS 

Pressure ,  
~~t o r r  

25 1 100 200 

Linear Parabolic Linear Parabolic Linear Parabolic 

50 1 . 2 x 1 0 - ~  8 . 0 ~ 1 0 - 6  1. ~ x I O - ~2. OXIO-~ 7.2x10-3 3 . ~ 1 0 - 3  

200 4.2 1 . 0 ~ 1 0 - 2. 2 3.1 9.9 7.7 

300 4.8 I. 0x10­

370 

450 5.7 

600 5.1 

aIn 	milliliters per  square centimeter per  minute. 
milliliters squared per  centimeter4 per minute. 
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(a) L inear plot (300 t o r r ,  100" C). 

I 
0 40 80 120 160 200 240 280 

Time, m i n  

( b )  Parabolic plot (50 t o r r ,  100"C). 
f i g u r e  4. - L i n e a r  and  parabolic plots of f l uo r ine  consumption. 

Product Format ion 
The silver-fluorine sys tem is a complex sys tem due to the formation of severa l  re­

action products. They are s i lver  subfluoride (Ag2F), s i lver  monofluoride (AgF), and 
silver difluoride (AgF2). One o r  m o r e  of these products are observed at various tem­
pera ture  and p res su re  conditions. Silver subflouride appears  as one of the reaction 
products even at temperatures  above its reported decomposition temperature  range 
(90' to 200' C,  363 to 473 K).  The products observed a t  various conditions a re  shown in 
table II. The products were  identified by X-ray diffraction, and by chemical and physi­
cal analyses.  Some of the physical properties of the si lver-fluorides are listed in 
table III. Where severa l  products w e r e  identified, the  f i lms were  always layered, with 
the f luoride r ichest  in s i lver  adjacent to the metal and the one richest  in fluorine at the 
gas-fluoride surface.  The monofluoride was found as the middle layer.  The relative 
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TABLE II. 

Press u re 
t o r r  

50 

100 

200 

300 

370 

450 

600 

- PRODUCT FORMATION 

Temperature,  OC 

200 ,,ai	
I 

I 

Burned, melted 

TABLE III. - SOME PHYSICAL PROPERTIES O F  SILVER FLUORIDES 

Property 

Crystal 
structure 

H 2 0  stability 

Conductivity 

D i s  tanc ea 

Light effect 

Color 


Special remark 


Ag2F 
-

Successive layers o 
AgF and Ag (Cd12 
type); hexagonal 
layered 

Decomposes; stable 
when d ry  

Electronic 

2 S6AAg -Ag; 
2.46 wAg -F 

Questionable, 
probably none 

Green 

Formedby F' 
inserted in Ag lat­
tice, eby Ag in 
AgF lattice 

Cubic (NaC1 type); 
one side; 4.92 A 

Soluble; hygroscopic 

Ionic 


Ag -F2.46 A 


Yellow 

Monoclinic 

~ 

-Ag20 + 0 3  + HF; 
hygroscopic 

[onic 

Unknown 

None 


Dark brown 


aRadius of Ag, 1.53 A. 
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amounts of each product in  the fi lm, obtained f r o m  cross-section microscopy are shown 
in figure 5 for  two p res su res  as a function of temperature.  The  amount of Ag2F is 
shown by the circular  symbols. As the temperature  inc reases  the amount of Ag2F de­
c reases .  At 25' C (298 K),  only Ag2F is.formed a t  both p re s su res .  The amount of AgF, 
shown by the squa re  symbols,  s e e m s  to inc rease  to a maximum amount and then de­
c r e a s e  as the temperature  increases .  The  amount of AgF2 is shown by the diamond 
symbols. No AgF2 is formed at 50 t o r r  (6666 N/m 2) regardless  of the temperature,  

/ \  

Temperature, "C 
Figure  5. - Relative amounts of  each product 

i n  the f i lm.  

Tern perat ur e  Reaction 
inc reas ing  

25" C 

1 (9) A g  + F2 - AgF2 

200" c 
F igure  6. - Some react ions of s i l ver  and 

f luor ine ,  l isted according to probabi l i ty  of 
occurrence w i t h  inc reas ing  temperature, 
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while at 200 t o r r  (26 664 N/m 2) the amount increases  as the temperature is increased. 
The  reactions to consider are listed in f igure 6. They are arranged, according to re­
ported data  in the l i terature ,  by increasing probability of occurrence with increasing 
temperature.  Not only temperature  but also p r e s s u r e  affects the products formed. At 
25' C and all p r e s s u r e s  studied, the only product formed was the  subfluoride Ag2F. 
However, as the temperature  is increased, one o r  more  reactions are possible, including 
the decomposition of the subflouride. At 300' C,  the product melted even through the 
temperature  was  well below the reported melting points of the monofluoride (435' C y  
708 K)  and the difluoride (690' C,  963 K). This could b e  due to the formation of a known 
low melting eutectic AgF 0 AgF2 (ref. 18). 

Analys is  of Reaction 

To obtain a pr imary understanding of the reaction between s i lver  and fluorine, the 
products formed wi l l  be  analyzed by the physical concept of volume ratios.  It should b e  
remembered that i t  is merely a guide and the re  are exceptions. Comparison of oxygen 
as an oxidizer and fluorine as an oxidizer can be made by considering the activation 
energies involved. Since heterogeneous sys t ems  can encompass two areas of mechanis­
t ic  processes ,  boundary control and diffusion control, each of these wi l l  be  discussed 
separately.  Available diffusion data  will b e  compared with calculated data  for  this sys ­
tem. F r o m  these analyses, the most probable reaction path is discussed. 

Vol ume Ratios 

It is important in the study of metal-gas reactions to determine whether the fi lms 
formed in the reaction are  protective o r  nonprotective. Analysis of volume ratios can 
give s o m e  insight into this problem. 

In 1923, Pilling and Bedworth (ref. 19) defined the following equation for  the molecu­
lar volume ratio (D: 

Wd 
c p = -

wD 

where  W is the molecular weight of the substance formed adjacent to the reactive en­
vironment and D is its density, and w is the molecular weight of the underlying l aye r  
and d is its density. 

Values of molecular volume rat ios  less than 1 indicate that the film is unprotective. 
Molecular volume rat ios  much g rea t e r  than 1 generally indicate that the film might not be 
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protective due to stresses, while molecular volume rat ios  in the intermediate range are 
indicative of protective f i lms (ref. 15). Application of this formula to the products 
formed in the silver-fluorine reaction must take into account the layering effect. There­
fore ,  the molecular volume of the product in each c a s e  is not referred to s i l ve r  since,  
except in  the case  of the subfluoride, all other products are layered and are referred to 
the molecular volume of the l aye r  on which they are  formed. F o r  the formation of Ag2F 
on s i lver ,  cp = 2.67. The  ratio for  the monofluoride forming on the subfluoride is 
cp = 0.79. The difluoride forming on the monofluoride gives a molecular volume ratio 
cp = 1.46. According to the  possible reactions a t  high temperatures  and p res su res ,  the 
difluoride could form directly on the s i lver ,  and the molecular volume ratio for  this 
would be cp = 3.1. Both protective and nonprotective f i lms  can form when fluorine and 
s i lver  react.  It should be remembered that the Pilling-Bedworth ratio is only a guide 
and the re  are exceptions. It is believed that the reaction follows a l inear  ra te  law in the 
temperature  range 25' to 100' C (298 to 373 K )  w h e r e  Ag2F is forming according to the 
equation 4Ag + F2 +2Ag2F. This is called the boundary controlled region and is de­
fined as the region where  the reacting gas has d i r ec t  access  to the reaction surface.  As 
the nonprotective Ag2F builds up and other fluorides f o r m ,  reactions (b), (c) ,  and (d) of 
f igure 6 become important. F o r  example, the formation of a protective AgF2 layer 
could force the reaction into the diffusion controlled region, with the reaction following 
a parabolic law. The transition t ime f rom boundary control to diffusion control would 
dec rease  with both an inc rease  in temperature  at constant p re s su re  and an inc rease  in 
p r e s s u r e  at constant temperature.  The p r e s s u r e  effect  on estimated transition t imes is 
shown in figure 7. 

Dif fusion con t  roIled region 

Boundary control led region+
L- I 1 I I I I 
0 100 200 300 400 500 600 

Pressure,  torr 

Figure 7. - Effect of pressure o n  t rans i t i on  t ime  (temperature, 
loo0C). 
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Act ivat ion Energy 

The reaction between fluorine and s i lve r  follows the Arrhenius equation 

log k = - AH 1 
2.303R T 

This is seen in figure 8(a) where the l inear  reaction-rate constants are plotted against 
1/T and in figure 8(b) where the parabolic ra te  constants are plotted in the s a m e  man­
ner .  The data in f igure 8(a) indicate there  is a p r e s s u r e  effect. At 200 t o r r  (26 664 
N/m 2), the calculated activation energy is 5. 2 kilocalories per  mole (21.  7 kJ/mole),  
while at  50 t o r r  (6666 N/m 2) i t  is 6 . 5  kilocalories p e r  mole (27. 2 kJ/mole). The data in 
f igure 8(b) do not show a p r e s s u r e  effect s ince  the activation energy is approximately 
10 kilocalories p e r  mole (41.8 kJ/mole) at both p re s su res .  Brown and Crab t r ee  (ref. 1) 
observed a p res su re  effect on the  activation energy but could offer no explanation. 

If we  consider only the diffusion controlled portion of the reaction, w e  know that for 
the reaction to continue once a protective l aye r  fo rms ,  movement of s o m e  species must 
take place ac ross  this layer.  The s i lver  halides are known ionic conductors. Trans­
f e rence  number measurements in the l i t e ra ture  on AgCl and AgBr indicate that s i lver  
ion is predominately the migrating species.  The l i t e ra ture  values of the activation en­
ergy for  the mobility of the s i lver  ion in these s i lver  halides ( 6 . 5  kcal/mole (27.2 
kJ/mole) f o r  AgCl and 8 . 2  kcal/mole (34.3 kJ/mole) for  AgBr (ref. 20)) and our calcu­
lated activation energy (10 kcal/mole (41.8 kJ/mole)) f o r  the silver-fluorine reaction in 
the diffusion region are  the s a m e  o r d e r  of magnitude. It is proposed that in the s i lver-
fluorine reaction diffusion through the protective fluoride l aye r  is controlled by s i lver  
ion diffusion. 

Boundary Control  led Processes 

The reaction was  determined to b e  initially boundary controlled. When the clean 
metal surface is exposed to the fluorine gas,  the reaction takes place initially a t  the gas-
metal interface. If the product formed is volabile, then the fluorine wi l l  continue to re­
act  at the metal surface.  If, however, nonvolatile products are formed on the surface,  
they can inhibit the gas f rom having direct  access  to the metal surface.  F i lms  of lower 
molecular volume than the substrate  could be porous and nonprotective and would not in­
hibit the gas f r o m  having direct  access  to the metal. In these cases ,  the reaction would 
remain boundary control1ed. 
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Diffusion Processes 

Diffusion of species  through a barrier layer  can take place by either diffusion of 
point defects through the la t t ice  o r  diffusion along grain boundaries o r  dislocations. It 
has  been shown by Zener  (ref. 21) that one can differentiate between diffusion of point de­
fects  through the la t t ice  and diffusion along grain boundaries o r  dislocations by taking in­
to account an entropy factor .  

The defect equation representing the formation of s i lver  difluoride is  given by equa­
tion (3) 

F2(g)__ 2F- + 0 + 2@ ( 3 )  
Cation vacancy Posit ive hole 

The entropy calculation can b e  used to test a proposed mechanism. Le t  u s  apply this to 
the si lver-fluorine system. 

Vacancy diffusion involves two processes:  the formation of the vacancy and mobility 
of the vacancy. The total heat and entropy of the reaction can be  expressed by 

where  

AHO 

AH* 

and 

where 

AS' 


AS* 

AH total = AH' + AH* 

energy of formation of vacancy 

energy of movement of vacancy 

AStotal = ASo + AS* 

entropy of formation of vacancy 

entropy of movement of vacancy 

(4) 


(5)  

The totalThe  total acti-vation energy is known fo r  the reaction f rom the Arrhenius plot. 
entropy of the reaction can be calculated by transition state theory 

kr = AeAS/R e - ~ / ~ ~ 
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where kr is the reaction-rate constant, R is the gas  constant in calories per  degree 
per  mole,  and T is the temperature  in K. The quantity A contains a lattice distance 
factor  and a temperature  dependent t e rm (ref.  22). Expanding equation (6)we get equa­
tion (7) 

k r = 2X 2 -ex.( Aso  + A s *  ) eXP( AHO RTkT + AH*)
h 

Upon rearranging w e  get 

ASo + AS* = R 

where  

jump distance between sites, 2 . 8 6 ~ 1 0 - ~cma 

k Boltzmann constant, 1 . ? 8 ~ 1 0 - ~ ~erg/K 

h Planck constant, 6 . 6 ~ l O - ~ ~erg-sec 

Using equation (5) and the experimental value of AHo + AH* f rom the Arrhenius plot we  
can calculate the total entropy t e rm.  At 298 K ,  we  obtain 

AStotal = AS' + G* = +33.1 eu (9) 

The entropy of movement of a s i lver  cation vacancy can now be estimated as follows. 
The entropy of s i lver  difluoride at 298 K is +22. 5 eu. The entropy of the two fluoride 
ions in  s i lver  difluoride, assuming equal distribution (ref. 24) between s i lver  and fluo­
rine,  is two-thirds of this value, o r  +15.0 eu. The  entropy of fluorine a t  298 I( is 
+48.4 eu (ref. 25). F o r  equation (3) then, the entropy change is -3?. 4 eu. This has 
been calculated by assuming that no la t t ice  distortion occurred when the vacancy was 
formed. Since a total of th ree  defects was formed, one cation vacancy and two positive 
holes, and assuming equal entropy of formation for  each type of defect, the entropy 
change associated with the formation of cation vacancy ASo is -11.1 eu. Combining this 
value with equation (9),  AS* = +44. 2 eu. 

According to Zener (ref. 21) ,  a positive value for  AS* indicates latt ice diffusion, 
while a negative value fo r  AS* indicates grain boundary diffusion. Therefore it is prob­

aA si lver  to s i lver  jump distance of 2 . 8 6 ~ 1 0 - ~cm (ref. 23) is used. This value is 
confirmed for  Ag2F; it is an assumption when applied to AgF2. 
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able that the reaction, assuming it is controlled by cation movement, takes place through 
latt ice diffusion. Without fur ther  definitive solid-state data on s i lver  difluoride, it is 
difficult to determine preferential  control by either cations o r  anions. If we assume that 
the s i lver  difluoride is s i m i l a r  to the other silver halides, then we can say  that the most 
favored mechanism is cation diffusion through a vacancy path. Data a re  available in the 
l i t e ra ture  f o r  the diffusion coefficient of s i lver  in all of the halides except the fluoride. 
F r o m  the experimental data  presented herein,  i t  is possible to calculate a diffusion coef­
ficient for  s i lver  ion in AgF2. 

D if f  usion Coefficient 

The diffusion constant 

D = D  e - AH/RT 
0 

is estimated as follows: F i r s t ,  the diffusion constant Do is obtained from the Dushman-
Langmuir equation (ref. 26), 

where  

H acti13tion energy, 4 . 1 ~ 1 0 ~ ~e rg /mole  

No Avogadro's number, 6.02x10 23 

h Planck constant, 6 .  O X ~ O - ~ ~erg-sec 

jump distance, -3x10-*  cm 

This gives a value of Do = 0 .10  cm 2/sec .  Then using the previously calculated value of 
10 kilocalories pe r  mole (41.8 kJ/mole) f o r  AH, a curve of the diffusion coefficient D 
against the reciprocal temperature  can be plotted as shown in figure 9. 

Table IV l i s t s  the diffusion coefficients for  s i lver  chloride (ref. 27), bromide 
(ref. 20), and iodide (ref. 20), as well as the calculated value for  s i lver  difluoride at 
comparable temperature.  

15 


X 



c 

t 

c 

i 
t 
._ 
V._ 
c 

a 
s 
.-0 
YI 
3 

c 
._ 
n 

1 0 - 7 1  I 1 I I I I 
1.6 1. 8 2. 0 2.2 2.4 2 . 6  2 . 8 ~ 1 0 - ~  

Reciprocal temperature, UT, 1IK 
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TABLE IV. - DIFFUSION COEFFICIENTS FOR 

SILVER HALIDES 
.- -- -_ .-~ . -

Silver in - Diffusion coefficient, Temperature,  

2
D, K 

cm /sec
- . _ .  

5 ~ 1 0 - ~  

1 x 1 0 - ~  

5 ~ 1 0 - ~  

._ _ _ _  ___. 
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CONCLUDING REMARKS 

The reaction between fluorine and s i lve r  at temperatures  f rom 25' to 300' C (298 to 
573 K )  and F p  pres su res  of 50 to 600 t o r r  (6666 to  79 993 N/m 2) is a complex reaction 
due to the formation of severa l  products. The  three  products observed are s i lver  sub-
f luoride (Ag2F), s i lver  monofluoride (AgF), and s i lver  difluoride (AgF2). They a re  
formed in a layered configuration with the one r ichest  in fluorine at the gas-fluoride in­
terface.  The kinetics are not s imple  but must take into account formation rates fo r  each 
of these species ,  as well as decomposition rates for  the less s table  species.  The over­
all rate of the complex reaction has  been presented; special  t reatment  to determine in­
dividual specific rates w e r e  not attempted. The evidence presented points to the conclu­
sion that both boundary and diffusion control play an important par t  in the reaction. 

The reaction has been analyzed in two par t s :  boundary region and diffusion region. 
The applicable equation is yn = krt  + c. Initially, in the boundary region n has a value 
of 1, indicating d i rec t  access  of gas to the reacting metal surface.  As a b a r r i e r  layer  
builds up, the reaction becomes diffusion controlled and the value of n equals 2. 

Analysis of the data  indicates that the reaction is probably controlled by s i lver  ion 
migration through the barrier layer .  The most probable mechanism fo r  the s i lver  ion 
migration is a vacancy mechanism. The effect of temperature  on the reaction follows a 
s imple  Arrhenius-type behavior. However, the p re s su re  effect is not simple.  The ac­
tivation energy is low by oxidation reaction standards but is of the s a m e  o rde r  of magni­
tude as other fluorination reactions.  

Lewis Research Center ,  
National Aeronautics and Space Administration, 

Cleveland, Ohio, January 27, 1970, 
120-34. 
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